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[ash 

2*} #*l-§- -g-^ °1 -8-7] ^ ^(Sn)4 M 

€(Ni)^ °l-¥-<H*l ^-g- a^jo S zl ^ofl^jE Ni3 

Sn 4 ^l 3# ^^^S £ ^ ^U"^ ^zWH - 

n*eH, °1 ^ -§-^-i- 7^2] gj.^ o>^^ ^ 7l ^j 

^ ^V^^o] 3711 ^ ^H^l 3# 2*> ^12:^ 

5. 6 
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1020010052111 #=3 °J*}: 2001/10/22 

Hl# 2*r *l*l-§- -g-^r ^ ^ -(Anode thin film for Lithium 

secondary battery and preparation method thereof} 

##tr ^1 
£ 1^ #2fl7l^o]] 4^ s]fl- ^ 

£ 2^ #2fl7l#ofl 3* ^ ^ *M« ^-i- M-e}\H 5=^ 

£ 5^ 1*\) trfsf *f|^ Ni 3 Sn 4 ^r 2*r 

91°]*] , *M€- M-ErHH 

£ 6^ ^a]<^1 loij rc]-E}. afl^ Ni 3 Sn4^- *fl-g-*!; 5l# 2*r 

°ll (a) 3-7) ^-Bfl, (b) 0.25V #711, (c) 0.05V ^ #3], (d) 

1.2V #711 ^ (e) 100 ^ Ni 3 Sn4^ s)^ ^ €*r» 

S#olj7 ( 

£ 7^ ^aHI 2^1 4el- *)ls^ Ni 3 Sn4 «f^£) X^d s]^ ^ 
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S. 8-& *3*H1 2ofl 4^ *H^€ Ni 3 Sn 4 ^ *H 

Efc^ -^l^Hl 2°fl tc|-ef Ni 3 Sn 4 ^ X# £\£ -g- 

£ 10£ -g- tg-^Sj 2<H1 4^ *fl2^ Ni 3 Sn 4 *} 

10... *15) 20... 3*1*11 

30... -S-^- 40... ^i^M 
50... 60... Ml 

:15> «Vx^ 2^>^l-g- ^ ^ g ZL ^l£^o,] Cfltt JLtf 

<iMI*Mlfe 3*l*H-iHI ^ ^ ^( Sn )4 

(Ni)^ 2|-^-l-(intermetallic compound)^ 4-§-fAS^l «l7>^ -g-. 

7fl^^ 2^> ^ M>n]-cHl ^ ^o]cf. 

:ie> -fi-71 ^^fl^(organic electrolyte) tfl°lH 3# ^r^-& ^^^^.5. 
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*}JL ±5) SEKSolid Electrolyte Interface)^ ^S^lfe ^ *\^°. 

# (dendrite) § r 7fl oV^^o] t^}s)^ -g-^oj &tf. 

-S-tr 3* ol^l -f-^oc] e^-i- 7^3 o. s 

^ ^ ^1 <a^«fl ^<3^8: -S-^^-i- «fl*im *r 

^. 

<18> ZL5]l4, 5} # '^T ^T°ll ^£7} 10 %o]] «- 

^HW. 3)-rf^ S-^ll^^- n^}7) ^^ofl «1^> 

^ -g-^ ^H3# ^ ^-^^^ ^ ^(Disordered 

Carbon), *)Srl- (nitride) , ^>Srl-(oxide) ^1 ^<?r^^cf. 
<19> s&^S. tfll^^ ^5r#^l 1996\1 ^l^KUS 5618641 

Y. Idota et al. ; Idota et al . , 'Tin-Based Amorphous Oxide- A High Capacity 
Lithium-Ion Storage mater ial\ Science, 276 (1997) 1395-1397H ^ ^^g- 
&3.%. ^« 0 >^ -§-%=o] ^£7]) ^flo)] til I5fl s-^ S^V 

tfl*fl g^Sl'S ^Sti til*fl tiling ^o> ^ <£^7} ^l^s]^ 
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<20> ^VS)- 1-7)1 ^ #2}-l- (SnO 5Efe Sn02), ^ (PbO) , 

#5r# (SiO) ^4 ^c] #s}.^-j=L ^ 

^cf. o]^. ^ #3-1-31 -g-q- ^ -g-^- #^*ll (anode active 

material precursor) <%lk-$r SH &lfl- °l£r°l ^°ll SKr^ofl ^^r 

±l =4? o)£-o\ ^-Bl7> ^£ #>4i °1^1 tiV-O-g. -f-^fl 

<2i> -g-^- ^ 1-^S.A-l ^ #2}-#^: ^o. > ^ ^ 

#^r <&-§-§- 3#3 ^ ^7} 7Hf^V ^Ai <£sj^ 5*4- 

<22> ^1-71 ^ ^4 ^ #S?-#3. £ #21-1-711 M£ 21 # 

^-f^r ^iil^ ^ol ^.u} ^tNl, ZL <>l-fHr ^>7l 27>xl^ 

^ 214. 

<2 3> el# o]^ol ^ tfloll ^#^1 4^ £o) ^-g- 

^°1 -^#^4. ^331, ol =-4^ ^71 7> nfl-f J=L^ «| 

Sj-ofl 71711^ ^#o] sj^HS ^ ol 7 l ufl^T}. 

<24> 2:71 el# ^^"Al ^#J2f -^AHl 51^-4 #4l Ol^- 

€- <3« ^ $171 nfl^-olcl-. 

<25> A>3-#^1 ^-q-^r ^^^) #« C V ^ *r*<HH ^3-^-5- IMS 3 3= Si # 

°1-Sr4 Sl^- #2}-l- ^ tiV^-ofl o^o} nfl o. €" Wl7> 
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^ -S-^-i- °1*H ?fli:= *#3<>1 -S-^-SlS-S. ^J-g-sH ^ 

<26> oloj] A>sj. #7ll ^.q-o] ^.o. .g.^ ^ o.^ ^ o]# ^.g- o.^l ^TgA-] 

«l7>^ -g-^-fi: #ol7l 2}-^-#(US 6203944 Electrode for a 

lithium battery, Robert L. Turner et al. ; Mao et al., 'Mechanically 
Alloyed Sn-Fe(-C) Powders as Anode Materials for Li-Ion Batteries', J. 
Electrochera. Soc, 146(2) (1999) 405-413 ; Beaulieu et al. 'The reaction of 
Lithium with Sn-Mn-C Intermetal 1 ics Prepared by Mechanical Alloying', J. 
Electrochem. Soc, 147(9) (2000) 3237-3241 ; Kepler et al . , 'LixCu6Sn5 
(0<x<13): An Intermetal 1 ic Insertion Electrode for Rechargeable Lithium 
Batteries', Electrochem. Solid-State Lett., 2(7) (1999) 307-309)# °l-g-^|-7i 
M- ^± ^H^(Yang et al . , 'Sub-Mi crocryst al 1 ine Sn and Sn-SnSb 
Powders as Lithium Storage Materials for Lithium Ion Batteries', 
Electrochem. Solid-State Lett., 2(4) (1999) 161-163 ; Yang et al., * 
Ultrafine Sn and SnSbO.14 Powders for Lithium Storage Materials in 
Lithium-Ion Batteries', J. Electrochem. Soc, 146(11) (1999) 4009-4013)^ 

<27> w 0 V^ofl tJftis}^ ^.cf Sn2Fe, Cu6Sn5 ^ 
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, ^5] 2,71 S]# o)£-2\ Z^ifl Sf-^Ml 2}# 

^>2l-l-(Li20) ^ ^-§-4 ^ Hi 7]-^ aV-g-ol ^fl^l g°-H-S ^71 al7>^ 

<28> ol^*V ^7^1 ^7_> gr^S! 5l# a}-^ ^ 

^ tcj-el- ^-^oi o^o]^ p}^7Hi ^-sl #3W ^ 

^sKmechanical alloying)^ *flS^ -^/^H^Tl 7>^tb 

(active phase) l-ll^ i£-§-ol <&o]^z\ ^ inactive 

phase) #*3^ £ ^ A}-g-*>^ ig-^o] ^issl^cf. 

<so> >g-7l aHa# ^ ^-^S-Sl ^13*1 «flS>H f 

Sn2Fe (active phase )^ SnFe 3 C («HHW( inactive phase) £..3. ^ ^ 

^•711 S7> S£tl. HBU-fl o] af;fl S f^ nl^l 5J-JI %U, 

oflui^l^£7> 200mAh/g v}T£SL3. tfl-f ^tfe ^l^H &cf. 
<3i> tHS, ^ ^-8r 3E. l°fl JE.a1^ «}<4 ^oi elf- ^q-ofl tflsH o.7V 
o]Z}°) Vi\M*\ ^ ^ ^oj-^- SX51, Bl# ^ ^ Li 4 . 4 Sn^ 

# -IHM ^ 790mAh/g°-5.>*l 3p<g LiC 6 ^ (342mAh/g)iLtl- <^m 
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#WWa<* ^ -§-^£U -MS ^3 M ^o] 7 > 

iflifofl H*M «v^^j7 ^^^1^ ^71^ ^#-8: Q°] 

<33> £ 2# Bl«-^ ^ ^ -g-^- ^*Mr 50/iA/cnf^ *l 

#S 0-1.2V7M £ 7j-f S7l ^-g^l qt 5 ^o]^ ol^B] # 

<34> £ «^o] oj^j!^ ^ 71^^ 3)-^^ #71 £-7)1^* Sfl^H # 

°J g &*\}%°] 7fl^5l Sl# 2*> ^ ^ £ 

*i ^€ ^°i si-g- 2^> 3*1 « Tii^Rr 

<36> #71 71 #3 21-7111- o]Jf. 7l £ ^^Hfe, 

<37> ^SflS}- Zl #^ofl ^ ^ti^l-Jl 2*> ^1 

-§- -S-^- ^Hl ^<>H, 
<38> #71 %#^#ol , 
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<39> ^M(Sn)4 M^(Ni)^ ^4=-# Sj-^-S* SL^-SRr 5J-g- ^ o.s ^ 

2*r ^l-g- ^ ^^t}. 

<40> ^4 q^o^ 3^-^ Ni3Sn4«?l h>^s>c|.. 

<41> £ ^i£*fl 7l#^ -OMm ^4 a^>o]3. ^Ei^> 

w o^, ^4 ^ei^Kr y o^, ^4 =-4? t-B- 

^ El* 2*} ^l-g- ^ ^3 ^l^^l oj-.^^ic}. 

<42> 2-tr, 7l#^ 4^1^ 71^1^ ^Sj- 

<43> ^-u)^ ^7_V #av^# °l-g-*M ^7} a} ^^-(e-beam 

evaporation) ^2/2.^ °]^:-^d Ji^lr^Kion beam assisted deposition: IBAD) 1 ?}- 
*H 4^ ^-71 ^-q-g- ^*Kr *3.£3. ^ B]# 2*> # 

<44> 7}^ 3±*\}±r #7] -g-^-§- ^t}jL 3* f^^-S 

^, £l# 2*V 3*1^ ^1 B]# ^ ^o] tif#2]^>4. 

<45> Elf--^ e)# ^q-ofl rfl*fl 0-0. 7V ^51^ aim*} v££ ^ 

* 7r*H, e}#-^ ^(Li4.4Sn: 790 mAh/g)^ ^-f e)# ^<3(LiC6): 342 
mAh/g) -g-^cf ^ ^lM^l^S* 7)^14. ^fUfl, B]# °l£r^ ^- 0 d/l-Bl7> 
7Hr$ 3]fMM ^<H1 5*^1, elfl-oi ^/iHM^oil ofe} -g-^sU, 
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-§-^€ ^3 JfB) ^sl-^ol ^o] 7 > tflJfofl £L=»(crack) 

o) ^*>oL, *11 (current collector)^ $.7}?$ Qo]X\ a> 

<46> £ ^oflA^ Ol<q. ^ 5>J7 ol- ^ ^, JjL^ 

*r€- -g-e?* ^^1^171 ^(Sn)4 q^(Ni)3 5r^-#^r A>-g-^-o. 

<47> <^ 7 H ^^(Sn)^ q^(Ni)^ 5(-^-#(Ni3Sn4)^ E]f~^ 

^4 ^3 ^#4^ ^4 #-§-^°l «fe M€ ^ 

#3 *>3*#s] *Y±_ ^ci ^^f xfl^. JH*sH el§ o]£- 

4- 

<48> ojrcfl ^(Sn)3r q^(Ni)^ «^£r ^1*1 

< 49 > ^-14 ^1 ^*Rr ^ltrs] 

<so> aj-^^. ^sfi ^a] ^3] b]^ (Co-sputtering)^ ^ 4 
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<52> ^4 M« 5.*M=a. i^El^^ ti^o] olcf. o] 

^3]Ei%^, 4^21 ^H^-AS.^| 2:^7}^ 

<53> ^7] ^ ^ ^JI OH- ol-g-^j-c^ ^ 

*)^*Hr <^7HH ^^o] 5}-^!- ^ 

^ M€ ^ ^ 43HH^ ^uzj- i^-ujs. s€7Br<5l-tk 

<54> vil^^ ^v^^:, ^^-^(e-beam evaporation) ^/Hfe ol^d 12 

< 55 > ^ ^-g- 7131^ ^sKmechanical 

alloying) ^ o]c% tfl-§-s>^ ^--q^ 5}.^ 

(evaporation source)^- Til 2: lib 4. 

<56> n. * , >y-7l ^3}-^^: °l-g-*H °)Mr #7Rd ^^(e-beam evaporation) 

^/££^ °1-&^1 12 ^^(ion beam assisted deposition: IBADH1 ^^j- 
^ sl-^-l- a^-fr ^lls^rf. ol nfl ^7_> S}-^-# 

#*HH1 o]^ 7>^A]^^^ €7fl-2l olJg-51-l- ^71-Al 7171M- 



28-13 



~ 020010052111 %^ 2001/10/22 

<57> ^-u^ Wl-S^ Ni 3 Sn 4 *l ^Jo] oy^A^ t£6\)*\ 

*1 «>^*W. ^71 Ni 3 Sn 4 ^r ^efl^l elfl-^ ^^Hr ^-e) , 

Bjfl.3j.iq ^3)-, Blfl-Sfo] tiV^ol £^ qjg ^# 

sL*1 AVs].~.cq a>^ ol^-3> ^oj ^ 3K>SM S<H-SLfe B]fl- oj^^ 

<58> ^v 7 ] Ni 3 Sn 4 d l-g-*H ^-8: ;fc*Rr ^Ji^ 

^3> ^Uf. 

<59> r£z\ t ^3j- 7 1 7^ ^"S^H ^ *H MM 

Ni3Sn4 <^7H 717^1^ ^-s)-»H ^ Ni 3 Sn 4 ^*H^ 

*Rr iL^f ^Ml ^1 t^g-3]- 

<60> ±^ #«1S. ^^-*V Cf-S-, Ol^- ^ C^7> 

f>}3L, ^11- l^Bl^-o.S.^1 Ni 3 Sn 4 ^^ol ^oi^rl-. nfl <g^Bj 
Ni3Sn4 &&°] 300°C 550'C^l ?H v}#z\is}t\- . n> 

<9 <l^Bl ^£71- 300°C ^l^^ ^4-°flfe- Ni^n^ 9=SH ^ 

°1H Ni3Sn4 ^ -R-*m*l 4°lt *H3°1 *]S r £)fe €v*fl3M oi 

-H, ^-7] ^ ol^o] Tj^-cfl^ <g^El 3^ ^ofl <3*Kgrain)£] £1717} ^7>s:> 
<*| Bl# #<y/iJ-B| iili ^--8-^- ^ SXtt 31 (grain boundary)^ 
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• r'<6i> 3. <$7] Ni 3 Sn 4 ^*r€^- °l-§-*H *L*Hd ^^-^(e-beam evaporation) 

-■■s-. ^AEE^ ^HKion beam assisted deposition: IBAD)-§- ©l-8-*H 

^ M€ #^f# SrW Ni 3 Sn 4 ^^h§- 
<62> -£ 3^ ^ ^^^1 «>^tl ^^HHl 4=. WV^- #*1<>] f£f q-Bf 

<63> o]-§. ^-S^>^, 71^-^ 7l^T (10)^1 ^^S. o]ifLo] 

# ^^^](20)7> Ufl^s)*), ^"71 ^ ^1(20)^1 7fl^(50), #^(40) g ofl 
i^=(30)7> ^ ^Efls ^>^o.s ^21 ^Hl^>Ji sat}, nelji ^-71 

ofl^=(30)^ tf-M-fe- ^ ^1^1 vfl^-^ sqjf-t Ji^*>7l ^ ^.S 

^-(60) ol f^-sH 91^. 

<64> o]5»f ^ ^# £Hr ^ *1*HH ^7] 7^^.(50)^ 

^#^^-S.^#(LiCo0 2 ), ^* D o v ^#(LiMn 2 04). ^<L>2r#(LiNi0 2 ) ^ 

4 ^ 2j# 4^" ^>S)-#^: J£WJI 3X31, ^^^(40)^ o]^ -g- 

^^1 Lipon^-S. ^1^7^ #7] JijL^- (60)£: 3Jfl^^l(Parylene o]i=L 

^^r. <^7H Lipon^r B]# £ilfil± ^-a] q-o] e ej-o] j=( i i thium 
phosphorus oxynitr ide)ir M-Br^t}. 
<65> o]^ t £ t}7] ^aHIS >5MI*M) -g^^lS *>S), £ 

<66> ^ aHI i 
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s .^<67> ^^(Sn)^ q^(Ni') ^r^-g: # 4:3<L5L £^ ^ *}7l 7)jQZ[ ^ 

— S^H ^r?l 3^-^-1- Ni 3 Sn 4 «- 

<68> ^jzj. 4:3 # HIS 4^-, ^ -fr^rCagate mortarH 

^ ^ ^^"*>JI °1# 1- ^1~§-*H ^ 750rpm^ S^^SS 10^1^3: 

■& ^U^SS^-. 1- #\3r ^, 350 1 ^ 500 C C°1H 1^31 

*H Ni 3 Sn 4 ^r*> 3*-^-«-* ^)12:^>^o.^ ( ^-7] Ni 3 Sn 4 ^ X^i 3^ &q ^*Kr 
£ 46fl uj.tq.i-t ti}<2}- ^-cf. £ 4^ ( a )» t2sH, ^4 ^ £^-#-§- 

lO^l^V ^-91 7}A^ ^ (mechanical milling) ^-f , 7]^1^ ^--g-Sj-^o. S 

#^ #^<el ^4 ^*fl*}*l ^ Ni 3 Sn 4 ^1 ^Tflt&cJ- 

^ ^°J% V ^ $1^4. ^I-Z S. 4^1 (b) £ (c)<*H ^ 9X5:°], 

-8:^7} 350°C, 500°CS &7}^&*\ Ni 3 Sn 4 ^ ^^°1 #7>*>^ £ ^ & 

<69> ifrj& t ^-71 4^1 rcJ-3} <go^ Ni3Sn4 ^^-#1-^ ^7]^-^ ^ 

S}7) ^sH 3}# tftfl ^ ^ ^d^S *fca, ^sfl^^S.^ ofl^ 

3] 7>Svilo]E( EC )2} tqofl^7l-Sv1lolM(DEC)^ ^ -g-ofl 4f-<>V im 

LiPF 6 * *H-«H 31 # 2*> *«2:*>SitK ^71 4*<H1 CCj-e^- afl^ 311- 2 

^lsl *MS ^>*>^J1, n £ 5^1 M-Ef\+ H>sf ^-rf. o^l 

*\ *M« 0.2 mA/cnf^l ^-ff- igHS. 3lfl-^l cfl^fl 0-1. 2V ^P-^HH 
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. V< 70 > S 5# %S*H 1- nfl, Ni 3 Sn 4 3^#^ ^^o] -g-^ 

Ni 3 Sn 4 -g-^ ^ ^ <l^eH ^ ^ vfl^ 

_ (grain boundary)^ ^ £^§--4 a] 3flS}8Jl^ , *H^?J ^^3)- ^ jz)- 

*cHH£ -f^rtr Ni 3 Sn4^ #^7} M-^uj-x] &$h=K ^ 

^H^^i * nfl, Ni 3 Sn4^ Slfl-o] ^-^/^S]^^ 

tioicf. ol nfl e^f- 4 NNi 3 Sn 4 ^ ^ lKgrain)*°l s^-fr iigs. zj-g. 

<7i> £ 6^ ^4 ^riM- 10^m ^^tt ^ 500°C°1H 1*1 # ^-o> 
^Bl*H Ni 3 Sn 4 $a°H, 4^ 7i€ X^l 3^ 

^ ^*r» M-Bl-vfl^cf . ol x^d « ^ ^^s«-El Ni 3 Sn 4 ^-iHH e)#<>l 

<72> £ 6# (a) S.7] #3H1^ (b) 0.25V ^ (c) 0.05V f^* r 

^ 211-a: -a-^t!: ^ °1» 4^1 (d) 1.2V ^* ^1 
£ Ni 3 Sn 4 £| -H-^l^ Sl^, 3^ (e) 1003 

olrcjtb Sj^ srfl^oq ^Sj-JE ^#£l*l &&4. 

<73> JSLJI^ ^741 ^?_> ^ffi 5^1^ ^sl^i # 

£1*11 $>S3 ^4 M nfl o. ^c. a7)s> ^-islol ^ 

tflwl 4°lt -iR3# J£°iq-, °1 si sftM-^ SHM^ el 
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f- ^-og^ ^ofl nj-ej- ^<5] -g-^ol <^«Hi4 ^ =-^3}. D }^7Mi Jf 

<74> tiV^ofl -S. #^o| Ni3$n4 £ QdftX) g_^o] Aj-O} ^6\) 

*]5. ^(SnH *fl^Rr 5£|a7> ^#^^1 7 ]^ofl iLJL^ 

^#6)1 A-l t^Sfe # »&^7> ^H^l &JL Ni 3 Sn4 ^ ?27} -fr^]S)<H *} 

<75> ^V 7 ] Ni3 Sn 4 ^-4-1} Sj-W-fr £ 5<*M ^o] ^*g=^ -§-*g=o| ^ iQOmAh/g 

$5L5L M-E^u|. ig=L*§ ^ ^#^3. ^^>^m, ^£ 

(8.42 g/(rf)7> 37] nfl^ ^xg- .g-^oj ^AlE]^ ^ #x)6\) £o^i=. 4 

£ 3<>\)*\ M.^o) e^#^ ^-^^ 4^- 3*} €^"7> 7^ e]# 

<76> -^AHI 2 

<77> ^-71 ^a]o^i iofl 4^ Ni 3 Sn 4 f^AS ^>-§-*>^ #7R1 

^ s"^ (e-beam evaporation)^)- °1 US ^^J- 1 ^ (ion beam assisted 
deposition, IBAD)°-3. Ni 3 Sn 4 ^Sj-^tf. 

<78> #7^ ^ o}-^Aj ^aV^ o. S ttV^-o) x^i sl^ ^ ^ 
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^ 5. 7°fl M-Ef\+ til-sq- £cf. #7] « 0 >^ Ni3Sn4 «^o. Aj-g-SH 

S7l 2>40" 6 torr^l tf\7}& ^ <>>=-^- 7fif -ft-S^H ^ 2x 

10-5 torrS. -ft-*]*}^. #7Hd 7># 5.7kV ^ 20mA^ #*Kd 10^- 

^ 20^- SAH><^ z}-zj- 640A(£ 7(a)) ^ 920ACE 7(b)) 
^^V^. Stb, ^M^l o}~L& 7>^ 100 keV, # 

W 20 mA^ STi^H 20-g- ^-91 1500A *f-v\}$\ ^]^}^. 

<80> #71 sHH ^ Ni 3 Sn 4 -g-^- M>s]-^ 4°lt ^H8* £ 8^1 

<8i> i 8* #S*}^, (a)^r 20-g- 2^*1- ^ofl rfl^j- ^ji, ( b )^ 

#7R!* 10§ SA}^ ^-fofl cfltb #<L3.*\, (b)2] 3-Hr ^^<>1 

^R3<>1 (a)3 ^-^^ 51 551 -f^tt 

Ni 3 Sn 4 *}o)# ^<Hm ^1*1*1 *^>S4. s}- 

*J- 0 <J*3$I f-^sH Ni 3 Sn 4 grlkSr ^^}o_3. A}-g-^ ^-f ofl^ ^aj-^ wVrq- 

<82> ti>^ofl ; £ 7 ^ ( c )oflAi ji^o] is #3KIBAD) °l-g-*M 
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3 Ni 3 Sn 4 ^ t ^ ^^cf. 

<83> «>2f S^^^o] ^-^oil rrj-s. Ni3 g n4 « ^ ^3^0.^ Af 

-8-^- M€4 ^7l<y-(vapor pressure) ^ ^(volatile) ^£7}- ^ 

Sr 3^ ^71 ^ sfl^SM ^(Sn) 

4*3 (NO* AA f^lS A>-§-^ #*r w J# ^X|ofl ^*r<^ ^^-o.^ 
*| ^^(Sn)^r M^(Ni)^ il^f -g-°l*r7fl *}JLx\ *r$H=f. <=>} nfl ^ 

^(Sn)-4 M^(Ni) ^^Hl ^*H1 <£^(Ar) °]-&-^ 7}4-X\?\ 7]^} 

^a}-^ ^ <£^(Ar) -fHHflux)Sr 7># *}<#* 

<84> ^ ^7] #^g- 2>10- 6 torr wfl^ltr ^ °>^-^ 7}^ tt^H 3" 

^ 2>i0" 5 torrS -B-*l*r£i=r. ^ #7Kd 7}# ^ 5.7kV2] S7d<^1 

^ 4^°fl ^7>^d ^^fr* AA 110mA ^ 75mA 1- ^l7HH ¥^1 ^ 950 

£ 9^ (b)^r £ 9^1 ( a )^ Si/Si02 7l^ofl tfltr 3*1 ^ M-^f^ 

3H4. £ 93] (bHH ^ 28°^5-°lH 3^ z\EL7} o] S 

^ #71 Ni 3 Sn 2 ^-^5. ^^4. 
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• <85> ZL^JL <#7) nl-e} ^ig ^4* 5. 10 

ofl ^Lfl^cf. o^H *}ol^ 3 0 ^/cnfo^ ^ e^ofl rfl^fl 

0-1. 2V ^^HM ^3Hr a o v ^^-S wj^-i- ^X|S}^- « 0 >^<H1 4^ 3§7>*}& 

<86> £ 10-9-S^-Bl <& ^ 91^°], nfl-f -g-^ M-Bl-^Jl Sa^rt-fl o]^ N i 3 

Sn 2 ^ymn^^-S. nfl-o ^ nfl^-o]cf. 

<87> Zl^M-, -tf^tb -fHKflux) <£^(Ar) ol-^o^ o.^ 

(flux)^ 7>^ ^-§- ^^l^O^ wVnVo} ^ Dl^l^P-S* 

-#^H Ni 3 Sn 4 ^-^Mr ^ &^§: SL<^ ^31 91^. 

<88> M. o.^. «Vn|^ ^wj-^ ^oflAi w.^ jg ^ ^ ^ 

* *fl-8-*><3 ^«fl^ 7)1^ o>^^ ^ 7l ^^ c>^a^ o. 37ll 7fl ^ 
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JX- \^=^ 1] 

^(Sn)4 q^(Ni)^ sl-^-l-* S^*Rr 3* ^ 

2^> ^l-g- -a-q- 

[^t 1 * 2] 

*fll*<1 &°]*\, ^71 ^(Sn)4 q^(Ni)^ Ni 3 Sn 4 ^l 3 

* 4^— S. *Kr 3* 2*} ^ 
[^t 1 * 3] 

[3^8" 4] 

^€ ^* ^E^H ^11^ *fl*l *fl2^ ^ii ^ 
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i^^r 5] 

^sj- qjg ^ g-fr Ej-^-g- ^Ej^H ^l^J" ^2^f- <^ *V 
[^t 2 -^- 6] 

Ir'tKe-beam evaporation) ^/SEfe °l£r^d ^^ir^Kion beam assisted 

deposition: IBAD) W <H=H1 4^ f2[fAS^ A^bQ H^Vfe 
s-^clS. §fe 2*} *Ul-g- ^12: 

[^■tF* 7] 

*ll6*J-ofl &<>H, ^>7l ^(Sn)2f x-M(Ni)^ Ni 3 Sn4*l 
8] 

\H=?-*% 9] 

*118%M1 $a<H^, y-vnv 3*1 ^Bfl^l 3^g- <5Rr elf- 2*> 3*1. 
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